Background: Interpretation of small biopsy fragments from suspected lesions of fibrous dysplasia with unusual clinical and / or radiological features may be challenging due to wide histomorphological spectrum of stromal appearances. Awareness of these variations should improve diagnostic confidence.
Background
Most of the lesions of fibrous dysplasia are asymptomatic and are usually detected incidentally on roentgenograms. It may manifest as pathologic fracture of weight bearing bones or may present as swelling [1, 2] . The defect is usually in the form of a well-defined zone of rarefaction with fine granular homogenous appearance simulating ground glass pattern and often surrounded by a narrow rim of sclerotic bone [3] .
The lesions of fibrous dysplasia may occur in diaphysis, metaphysis, and very rarely in epiphysis. Ribs, jawbones, skull bones, femur, and tibia are commonly involved. Spine is usually spared. The disease may be monostotic or polyostotic. It may also be a component of McCune-Albright syndrome characterized by a triad of polyostotic fibrous dysplasia, localized café-au-lait hyperpigmentation of the skin, and hyperfunctional endocrinopathies such as precocious puberty [2] .
Monostotic fibrous dysplasia, polyostotic fibrous dysplasia, and McCune-Albright syndrome dysplasia have the mutation of one of the cell surface receptors, G protein, associated with a variety of important cell functions controlled through effector system that generates intracellular second messengers. The mutation involves ligand-independent, alpha-subunit of stimulatory G protein (GNAS1) leading to its activation. Two specific mutations have been reported: C to T mutation resulting in Arg201Cys and G to A mutation resulting in Arg201His. They are located near the site interacting with gama-phosphate of GTP leading to interference with its hydrolysis to GDP [4, 5] .
Occasionally, large expansile mass lesions may bulge into the adjacent soft tissue. Some lesions with significant cartilage components may show ring-like or dot-like calcifications. Others may produce aggressive appearing radiologic features, suggestive of sarcoma, leading to biopsy and surgical pathology evaluation. When submitted as small biopsy fragments, these may be difficult to interpret. The biopsy fragments may be from areas predominantly showing variant histomorphological patterns of fibrous dysplasia.
We observed foci of previously unreported focal fatty metamorphosis within stroma that occupied inter-trabecular areas in the biopsy fragments retrieved from the central portion of the lesion away from the periphery [6] . Lack of awareness of this and other histomorphological variations may compromise interpretation, especially when biopsy is submitted as small tissue fragments and for frozen sectioning. To study the morphological spectrum in general, and fatty metamorphosis in particular, we retrospectively evaluated cases with confirmed diagnosis of fibrous dysplasia.
Methods
We analyzed the histomorphological spectrum of fibrous dysplasia in 26 cases (F-19, M-7; Ages ranged from 10 to 53 years) with confirmed diagnosis based on clinical, radiological, and pathological data. The sites of the lesions included skull bones (9), humerus (1), femur (8), tibia (2), fibula (3), talus (1), mandible (1), and maxilla (1). Different histomorphological patterns were recognized. Focal fatty metamorphosis was defined as presence of groups of fat cells in the biopsy fragments from the lesion in inter-trabecular areas between osseous trabeculae without osteoblastic lining. Other patterns were similar to those described in the literature [1] [2] [3] 7] . 
Results

Different
Discussion
Fibrous dysplasia results from aberrant development of bone leading to single or multiple skeletal defects. The lesions are usually seen as expansile medullary defects with thinning of the cortex. They show fibro-osseous metaplasia with abundance of osseous trabeculae intermingled with stroma consisting of proliferating fibroblasts producing dense collagenous matrix [1, 2, 8] . The spindle cells tend to be plump but do not show cytologic atypia. The osseous trabeculae of woven bone present in the stroma typically do not have osteoblastic rimming [8] .
The stroma and osseous trabeculae may show variations from the classical histomorphological pattern leading to interpretation challenge, especially with small biopsy fragments retrieved from lesions with unusual clinical and radiological features simulating bone neoplasms. The characteristic fibro-osseous metaplasia seen in fibrous dysplasia may resemble patterns associated with lowgrade parosteal osteosarcoma and fibrous dysplasia -like low-grade intramedullary osteosarcoma [8] .
Awareness of the histomorphological spectrum of fibrous dysplasia would facilitate correct interpretation. Many of the variations in the histomorphological spectrum have been described in the literature [1, 2, 8] . In this study, the commonest pattern observed in association with the classical pattern was fatty metamorphosis (figure 2) in the form of collection of adipocytes. This pattern observed in 23%(6/26) of our cases has not been reported previously. This feature was distinct from the collection of foam cells reported in the literature [1, 2, 8] .
Fatty metamorphosis (Figure 2 ) was observed adjacent to areas showing classical pattern of fibrous dysplasia. Adipocytes were intermingled in variable proportions with fibroblastic stroma. Some areas showed predominantly adipocytes with scant fibroblastic component (figure 2, arrow 'a'), and other areas showed predominantly fibrous stroma with occasional adipocytes ( figure 2, arrow 'b' ). In the stroma, the osseous trabeculae were usually small and ossicle-like. Trilineage hematopoietic elements were not observed in the areas showing fatty metamorphosis. This was useful adjunct to rule out the adipocytes from bone marrow component.
When fatty metamorphosis is the predominant pattern, it may be interpreted as non-representative of fibrous dysplasia and may be regarded as insufficient for diagnosis. In fact, this problem was faced initially in one of our cases with tiny fragments of biopsy with predominant fatty metamorphosis pattern (Figure 2) . Absence of trilineage marrow and presence of osseous trabeculae without osteoblastic rimming would favor fibrous dysplasia ( Figure  2 ).
It is interesting to correlate that fat metabolism is partly regulated by epinephrine receptors which signal through GNAS1 protein. Nonfunctional mutations result in fat accumulation. However, functional mutations observed in fibrous dysplasia, have been associated with uncontrolled fat production in thyroid tumor cells. Thus, it is possible that focal fatty metamorphosis in fibrous dysplasia observed in this study may be related to GNAS1 mutations.
Other stromal patterns were variably admixed with the classical pattern. They were observed in 58%(15/26) of the cases and 20%(3/15) had more than one pattern. The spectrum included focal fatty metamorphosis (Figure 2 
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Focal collections of few foam cells were seen in 23% (6/ 26) cases; however, they were not present as a significantly prominent component. Osseous component as calcified spherules were observed in 3 cases [2, 9] and were associated with fatty metamorphosis in one case ( Figure 2C ).
These variations in the pattern of stroma in fibrous dysplasia have been described in the literature, however; their frequency has not been documented [1, 2, 8] . These patterns were observed in addition to the classical pattern in all 58% of the cases. Three cases showed more than one pattern. Surprisingly fatty metamorphosis pattern was the commonest pattern (23%, 6/26). This has not been highlighted previously in the literature. Islands of cartilage, reported in up to 10% of cases [1, 2] were not observed in this study. This may be due to the small size of biopsy fragments in most of our cases.
Focal osteoblastic rimming along the osseous trabeculae was seen in rare cases (4%, 1/26). Lack of osteoblastic rimming is of importance in differentiating fibrous dysplasia from benign entities such as callus, osteoblastoma, ossifying fibroma, osteofibrous dysplasia, and some low-grade neoplasms such as low-grade osteosarcoma, low-grade intramedullary fibrous dysplasia like osteosarcoma, and parosteal osteosarcoma [8] .
Conclusions
We observed foci of previously unreported fatty metamorphosis in this retrospective study of a series of fibrous dysplasia cases. In addition other stromal patterns were also observed in significant proportion. Focal osteoblastic rimming was seen rarely. Awareness of fatty metamorphosis and other stromal patterns should improve diagnostic 
